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I. INTRODUCTION
In recent years many emerging market countries have increased their holdings of international reserves. These increases in international reserves appear to be extremely high by traditional standards of reserve adequacy. However, when insurance against the effects of sudden stops in external capital flows is introduced as a motive for holding reserves, they do not appear to be inordinately high (Jeanne, 2007) . Moreover, the current state of the global economy is testing the adequacy of reserve levels in many countries, and what appeared to be excessively large reserves in the benign international environment that existed before the onset of financial sector turbulence two years ago, now do not appear to be so extravagant.
International reserves of the Eastern Caribbean Currency Union (ECCU) have also increased in recent years, and questions have been raised whether such levels of reserves are excessive in view of the opportunity cost of holding them. 2 A comparison of reserve levels in similar economies, i.e. currency unions among developing countries, and tourism dependent economies, reveals that reserves in the ECCU are not out of line with these economies. In fact, international reserves in the ECCU appear to be lower than in comparator countries. However for the ECCU the opportunity cost of holding increased reserves is not the only consideration. The ECCU has fully liberalized its capital account since 2005, hence insurance against adverse capital movements would be an additional motive for holding reserves.
In the context of a significantly weaker global environment, this paper discusses the level and adequacy of international reserves in the ECCU using a variant of the Jeanne (2007) model. It shows that current reserve levels in the ECCU are adequate to cover a variety of external sector shocks, including shocks to the current account, and small to moderate capital outflows. However, the potential onset of moderate to severe capital outflows could prove to be a challenge for the ECCU. Severe capital outflows are probably once-in-a-century events against which it could prove too costly to self-insure with greatly increased reserves. Historically, reserve levels in the ECCU have been comfortably above the calculated optimal level, but over time actual reserves have converged on the optimal, because the reserve cover rule used by the Eastern Caribbean Central Bank (ECCB) for reserve holding has focused on demand liabilities of the bank (which is a narrower operational concept than one which is required for reserve holding as insurance against capital flows). The paper shows that over time the gap between actual and optimal reserves has declined, and projects that if the same reserve cover rule is used in the future actual reserves could become inadequate (less than optimal). This paper contributes to the literature by applying the optimal reserve model in the context of a reserve pooling arrangement, a unique feature of the ECCU. It also explores the implications of maintaining a specific reserve management rule under a quasi-currency board with a fully liberalized capital account. Following the introduction, the paper is organized as follows. Section II discusses traditional measures of reserve adequacy. Section III applies the Jeanne (2007) model of optimal reserves to the ECCU, in the presence of a variety of external sector shocks. Section IV discusses the sensitivity of the model to the estimate of output loss and the cost of holding reserves, while Section V discusses the implications of maintaining the existing reserve cover rule. The final section contains some policy implications and concluding remarks.
II. TRADITIONAL MEASURES OF RESERVE ADEQUACY
There are several motives for holding international reserves in the ECCU. Although reserves are used for several reasons, a key function is to act as a buffer absorbing balance of payments shocks where access to borrowing is limited or costly, and the exchange rate is not used to ensure adjustment. Accordingly, reserve adequacy is of particular importance in the case of fixed exchange rates in general, and in currency board arrangements in particular. Reserves also help provide confidence in the commitment by the monetary authorities to support the value of the currency. This paper assesses whether international reserves in the ECCU are optimal from the point of view of self-insurance against current account and financial account shocks.
Assessing Reserve Adequacy
Reserve adequacy issues have been investigated using methodologies ranging from heuristic and regression analyses to optimization models. Traditional or heuristic reserve adequacy measures relate the level of reserves to the potential for balance of payments imbalances.
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The standard benchmark levels of reserve adequacy have been developed for countries with managed or fixed exchange rates (Winjnholds and Kapteyn, 2001 ).
The most common measure relates the level of imports of goods and services to a simple rule of thumb requiring foreign reserves to be equivalent to at least three months of imports. This measure scales international reserves by the size and openness of the economy. Related measures compare foreign reserves with the external current account balance or the variability in foreign exchange revenues (Delechát and Martijn, 2007) .
Alternative traditional reserve adequacy measures focus on the link between foreign reserves and the financial sector. Common benchmarks include the ratio of reserves to monetary aggregates (such as reserve money or broad money). The coverage of foreign reserves in terms of reserve money (or the monetary base) indicates the extent to which the central bank can back its liabilities and credibly support the maintenance of the fixed exchange rate arrangement.
For countries with an open capital account, heuristic measures relate foreign reserves to financial flows. The ratio of short-term external debt to reserves is seen as a particularly useful indicator, especially for countries with significant access to international capital markets; and a benchmark value of one for this ratio can serve as a key vulnerability indicator. 4 The benchmark value of one signals that if reserves equal or exceed short-term debt by remaining maturity, a country can be expected to meet its external debt servicing needs for the forthcoming year, even if market access is curtailed. Furthermore, countries with a high ratio of short-term debt to reserves tend to suffer deeper economic crises following any given shock (Sachs and others, 1996) .
Traditional reserve adequacy measures suggest that at end-2007 the ECCU foreign reserves were not markedly high relative to a peer group of countries. Foreign reserves in terms of months of imports of goods and services were lower in the ECCU when compared with other small tourism dependent economies, to Caribbean neighbors, or to monetary unions in Africa. The ECCU clearly has the lowest level of reserves in months of imports and relative to both broad money and reserve money.
Reserve adequacy has also been assessed through buffer stock models. These models focus on the contribution of international reserves to cushioning output volatility in order to smooth consumption over time (Frankel and Jovanovic, 1981) . Reserve holdings are determined by the volatility of international transactions-usually export volatility-and adjustments costs, including the dependence on imports and the financial cost of accumulating reserves. Econometric evidence for the ECCU suggests that the evolution of ECCB foreign reserve holdings could be explained by a buffer stock model (Grenade, 2008 of models the cost of external disequilibria is not explicitly included and the opportunity cost of holding reserves is not clearly defined.
III. OPTIMAL INTERNATIONAL RESERVES
The insurance model based on Jeanne (2007) provides an optimization framework for a costbenefit analysis of the optimal level of reserves required to deal with an external shock. 5 The model derives optimal international reserve holdings in the context of a small open economy, with a representative consumer, where wealth can be held either in the form of liquid international reserves (R) or a higher yielding, but illiquid asset (I). The economy is assumed to be vulnerable to a currency crisis, where a crisis is defined as a loss of access to external credit that results in a fall in output. International reserves can be used to smooth consumption during a currency crisis (crisis mitigation), and possibly reduce the probability of a currency crisis (crisis prevention) by providing a buffer against potential external shocks. At the same time, holding reserves entails a cost (∂) in the form an opportunity cost of holding liquid assets rather than illiquid assets with higher returns. The optimal reserves minimizes the consumer's welfare loss function, which depends on the sum of the expected welfare cost of a crisis f(R) that occurs with a probability π(R) and the opportunity cost of holding reserves ∂R :
The model assumes a risk averse consumer that lives for three periods. In period 0, the consumer decides what level of reserves to hold. This decision depends on the perceived risk and costs of a future crisis, which could occur in period 1, when an external liability falls due. The country repays its debt L, issues new debt L', and consumes C 1, facing the budget constraint:
Period 2 represents the long term, where the country's net foreign wealth is equal to the sum of output Y 2 and the net return on foreign assets:
The consumer maximizes the expected utility of consumption u(C 1 ) in period 1 plus the expected wealth W 2, discounted by the interest rate r:
An external crisis can occur in period 1 with probability π. Its welfare cost f(R) is increasing in the level of debt L coming due and the cost of the crisis in terms of lost output (∆Y), and decreasing in the level of reserves R. A closed-form solution for the optimal reserves exists under the assumption that π is independent of the level of reserves and is given by the expression :
where σ represents a relative consumer's risk aversion parameter. The optimal level of reserves is equal to the "full insurance" level R = L+∆Y (the minimum level sufficient to maintain consumption at the desired level in a crisis), minus a term reflecting the opportunity cost of holding reserves.
The optimal level of reserves could be higher or lower than the policy rule of full coverage of short-term external debt (R = L), the so called Greenspan-Guidotti rule (Greenspan, 1999; Winjnholds and Kapteyn, 2001 ). This result arises because reserves not only lower the probability of debt rollover crisis, but also because they smooth the impact on consumption of the fall in output. Alternatively, the optimal level of reserves could also be lower than the stock of short-term external debt, because the opportunity cost of holding reserves reduces the incentive to maintain them.
The application of the Jeanne (2007) insurance model to the ECCU is based on parameters reported in the literature on currency and banking crises. The size of the output loss (∆Y) is set to 10 percent of GDP-in line with the average output cost of simultaneous currency and banking crises as reported in the literature. 6 The probability of a "sudden stop" is estimated as a function of a country's economic fundamentals, based on a probit estimation of a sample of 34 countries (Jeanne, 2007) . For the baseline simulations it is assumed that the probability of a crisis is exogenous. The value for the opportunity cost of reserves is set at ∂=3 percent. This calibration calculates the cost of holding reserves as the historical average cost differential between issuing a ten-year U.S. treasury bond and investing in liquid assets such as three-month U.S. Treasury bills (Jeanne, 2007; Rudebusch, Sack and Swanson, 2007) . Alternative measures of holding reserves include using the marginal product of capital to estimate forgone investment opportunities in the domestic economy, or the interest rate on external debt (Rodrik, 2006) . These alternatives are investigated in Section IV. The benchmark risk-aversion parameter is set at σ=2, in line with the standard growth and real business cycle literatures (Lucas, 1987; Pemberton, 1996) . 6 Jeanne and Rancière (2006) report the output cost of a sudden stop at 6.5 percent of GDP, for a sample of 34 countries, while Hutchinson and Noy (2006) estimate an output loss of around 13 to 18 percent of GDP over a three-year period for 24 countries.
The following subsection reports the analysis of the optimal level of reserves given different magnitudes of shocks to the external current account, capital account and banking sector shocks, while maintaining all other benchmark calibrations as provided by Jeanne (2007) . The source of data (international reserves, broad money, demand liabilities and output) for the analysis is the ECCB.
Current Account Shocks
For countries with limited or no exposure to international capital markets the traditional focus on the size and volatility of current account flows in the assessment of reserves remains appropriate, since changes in these flows are the key sources of pressures on reserves. The traditional benchmark of three months of imports of goods and services is often used, but needs to be evaluated in terms of the past and expected volatility of current account flows. A higher level of reserves is typically sought in countries where shocks to current account flows can be particularly strong, for instance in countries where: (i) the export base is narrow and the price of the few key exports is particularly volatile; or (ii) in countries where natural disasters can severely affect export capacity (e.g., tourism services) and import needs (e.g., foodstuffs).
ECCU countries are particularly exposed to current account shocks given their reliance on tourism as the main source of foreign exchange, and their vulnerability to natural disasters (see Randall, 2006; Rasmussen, 2006) . As evidence, tourism receipts account for over 70 percent of total exports in the ECCU. Although banana and sugar exports have declined recently, all oil and oil derivatives are imported, as are a large share of food consumption goods, making the ECCU particularly vulnerable to terms of trade shocks. In addition, the ECCU is among the most disaster-prone areas of the world. Rasmussen (2006) estimates that between 1970 and 2002 ECCU countries were affected by 12 major natural disasters (mostly hurricanes), with a median impact on the current account of 10.8 percent of GDP. Figure 1 shows that ECCU international reserves are close to or above the optimal level needed to insure the region against potential current account shocks. Actual international reserves are larger than the amount required to withstand a shock equivalent to: (i) three months of imports; or (ii) a natural disaster of the average magnitude observed in the ECCU. In the event of a natural disaster with an impact on the current account of 10.8 percent of GDP and a probability of occurring of 10 percent, the optimal level of reserves is around 8.5 percent of GDP. The actual level of reserves has consistently exceeded this level over the last decade. However the actual level of reserves falls short of the level required to resist a shock equivalent to five months of imports. 
Capital Account Shocks
For countries with access to international capital markets, the focus of reserve adequacy is on assessing reserve cushions against risks stemming from the capital account. Capital account crises-characterized by a sudden cessation or reversal of capital inflows that forces a large and abrupt current account adjustment together with a large depreciation in the exchange rate-have commonly been associated with severe output contractions. During the emerging market crises of the 1990s, the decline in real GDP growth averaged 10 percentage points in the most directly-affected countries, reflecting capital outflows which in some cases amounted to as much as 15-20 percent of GDP (at annualized rates). The short-term adjustment typically took place mainly through import compression and a corresponding slump in domestic demand, as well as through severe balance sheet effects stemming from corporate and financial sector exposures to exchange rate and interest rate changes.
International financial integration is proceeding apace in the ECCU. In late 2005 the ECCU countries repealed the Exchange Control Act which required, among other things, prior approval for outward remittances greater than about US$ 250,000 (Kwon et al, 2008) . Public debt, most of which has been externally funded, is among the highest in the world (see Sahay, 2006) . Foreign currency deposits in the banking sector have expanded substantially over the last decade to reach about 17 percent of total deposits, in line with a growing tourism sector driven by foreign direct investment.
The amount of short-term external and foreign currency debt, as well as foreign currency deposits in the banking system, are particularly useful in assessing the potential size of any sudden capital reversal. If reserves equal, or exceed, short-term external debt, a country can be expected to meet its external debt-servicing needs, even without market access. Augmenting this ratio with defense against sudden changes in foreign currency deposits in the banking system provides an additional layer of protection in countries where the banking system shows a growing dollarization, arising from its increasing integration with the international financial system. Figure 2 shows that ECCB reserves are currently close to the optimal size required to insure the region against capital account shocks. ECCB reserves are currently around the optimal size to insure the region against capital flight of the magnitude of all short-term external debt plus foreign currency deposits. Actual reserves also cover a shock equivalent to all demand liabilities, as expected in a currency board arrangement.
Lender of Last Resort
The ECCB faces specific challenges to protect the economy against a banking crisis. The quasi-currency board architecture constrains the ECCB's ability to act as a lender of last resort (LOLR), as by design the monetary base has to be covered by international reserves (Dehesa and Druck, 2008) . The ECCB's potential to finance a LOLR facility is bounded by the liquidity supply from international capital markets, and/or by the tradeoff between using excess international reserve holdings and protecting the fixed exchange rate regime 7 . In addition, the ECCB's ability to act as LOLR is constrained by its institutional architecture, as its key decision-making body, the Monetary Council, which consists of the Minister of Finance of each member country, can block the use of any LOLR facility if such lending may endanger the stability of the exchange rate. 7 The February 2009 run on the Bank of Antigua (BOA), following fraud charges against its owner, was specific to that institution and did not raise systemic liquidity concerns. While most deposits were moved to other banks in Antigua, the large and rapid deposit run is instructive for the size of possible deposit outflows in a crisis situation. In a fixed exchange rate regime, international reserves are necessary for the central bank to perform the role of a LOLR. If reserves are intended to enable the central bank to perform the role a LOLR, then it should maintain sufficient reserves to cover some fraction of banking system liabilities, as this would represent the potential reserve loss in the event of a run on the banking system. 8 A useful benchmark on the potential size of a bank-run in a heavily dollarized banking system is Uruguay in 2002, where after a severe exogenous shock (spillover from the Argentine crisis which caused an output loss of about 18 percent of GDP), about 40 percent of the banking system's total deposits were withdrawn in 2002 (Gonçalves 2008 ).
9 Figure 3 shows that the ECCB's international reserves may be insufficient to provide banks with a substantial buffer to deal with large-scale deposit outflows. While current international reserves are adequate to withstand an outflow equivalent to 20 percent of deposits, reserves would be insufficient in the event of a systemic shock to the banking system that leads to the withdrawal of 40 percent of banking system deposits. Optimal reserves to withstand a shock equivalent to 40 percent of bank deposits
Optimal reserves to withstand a shock equivalent to 20 percent of bank deposits
IV. SENSITIVITY ANALYSIS (SIMULATION EXERCISES)
The Jeanne (2007) insurance model can be calibrated with different parameters, to further highlight the adequacy of international reserves. Figure 4 shows the international reserves that would be required to smooth the impact of a sudden stop of capital inflows equivalent to the roll over of ECCU external public debt combined with the outflow of all foreign currency deposits. In addition, to cover output losses international reserves would have to increase to about 25 percent of GDP, if an external shock causes an output loss of about 18 percent of ECCU GDP as in the case of Uruguay in 2002. Alternatively, international reserves need to be about 15 percent of GDP if the output loss derived from the external shock is relatively modest, equivalent to about 7½ percent of ECCU GDP.
The cost of holding international reserves has a significant impact on the optimal level of reserves ( Figure 5 ). The higher the cost, the more important it would be to develop alternative shock absorbers, or to limit the incidence of adverse shocks in order to contain reserve needs. In the baseline scenario (described in Section II) the opportunity cost amounts to 3 percent in yield forgone. If the cost of holding reserves increases to 4.5 percent, then optimal reserves decline to about 12 percent of GDP compared with 17 percent of GDP in the baseline for 2008. Optimal reserve holdings would reach 27 percent of GDP at end-2008 if their holding cost declines to 0.5 percent of GDP. The cost of holding reserves is sensitive to the underlying methodology. One approach is to consider alternative investment opportunities, including building public infrastructure, by computing the marginal product of capital. A preliminary estimate based on various assumptions on the production technology suggest that the marginal product of capital in the ECCU is about 8 percent.
11 By this measure, holding reserves appears to carry an average net cost of about 1 percent of GDP, after netting out a short-term real return of about 2 percent in U.S. assets. An alternative approach is to focus on external debt repayment, but this measurement may overstate the true opportunity cots of holding reserves, because the cost of external debt includes a default risk premium.
V. IMPLICATIONS OF CENTRAL BANK RESERVE RULE
The ECCB operates as a quasi-currency board and pools the international reserves of its eight member countries. By law, the ECCB is required to maintain international reserves equivalent to 60 percent of the central bank's demand liabilities. Operationally, the ECCB is committed to maintaining a reserve cover greater than or equal to 80 percent of demand liabilities, and in practice the reserves have been close to 100 percent of demand liabilities, occasionally exceeding that figure. The reserve cover rule was brought over from the Eastern Caribbean Currency Authority which preceded the establishment of the ECCB in 1983. The reserve cover rule had served the ECCU well during the earlier period when capital account transactions were constrained by moderate exchange control regulations. For example, under the previous exchange control regulations, responsibility for current account transactions was devolved to commercial banks which are not required to surrender foreign 11 Preliminary estimates of the average ECCU marginal product of capital (MPC) assume a standard Cobb-Douglas production function, a capital income share of 0.35 and a 5 percent depreciation rate. The MPC estimates are somewhat below the estimates in the CFA Franc Zone, as reported in Delèchat and Martijn (2006) . The ECCU has experienced a period of rapid financial deepening, as measured by the rise in the ratio of broad money to GDP since 1984. This has resulted in a divergence between the growth of broad money and the growth of demand liabilities ( Figure 6 ). The paper therefore estimates the possible path of optimal reserves to insure against a currency crisis that results in a deposit loss, using the 80 percent of demand liabilities 'reserve cover rule' practiced by the ECCB. The projections for broad money are based on regression estimates of real money demand over the period 1984Q1 to 2008 Q4. Following Judd and Scadding (1982 and Taufiq (2002) , both broad money and demand liabilities are estimated as functions of real income and interest rates.
The empirical evidence suggests that the income elasticity of broad money is much higher than that of base money (Table 2) . Unit root tests reveal that all variables appear to be nonstationary in levels and stationary in first differences. The money equations are estimated using a vector error correction model since the Johansen cointegration test shows that the two concepts of money are cointegrated with income and interest rates. The estimated long-run relationships and short-run dynamics are presented in Table 2 . All variables display the correct theoretical signs and are statistically significant. The long-run income elasticity is estimated at about 1.5 for broad money and 1.1 for demand liabilities. These estimates are robust to different specifications and are largely unchanged when instead the log of nominal money is used. The higher income elasticity of demand for broad money is partially related to the rise in foreign currency deposits, and implies that the store of wealth demand for money is a superior good. The short-term dynamics suggest that money returns to its longrun equilibrium level after about 10 quarters. Projected reserves based on the 80 percent reserve cover rule continue to fall short of the optimal level of reserves needed to withstand a potential moderate-to-severe deposit withdrawal ( Figure 7 ). The estimated coefficients from the model are used to project broad money and base money to 2015. Projections for income and prices are based on the mediumterm framework for ECCU Common Policies surveillance and WEO projections of US interest rates. The level of reserves implied by the 80 percent rule and the optimal level of reserves are then calculated from the projections. They show that even with 100 percent coverage of demand liabilities, the gap between reserves and potential bank deposit runs continues to widen. 
Challenges from the Ongoing Global Financial Turmoil
The global financial market turbulence observed since mid-2007 highlights the urgency of strengthening contingency planning in all countries, especially those with large financial systems. Initial actions to prevent a systemic banking crisis include the provision of sufficient liquidity to protect the payments system, but simultaneously policy makers must seek to limit the impact on prices and the exchange rate (Hoelscher and Quintyn, 2003) . Further tools include protection for creditors, including depositors through blanket or limited guarantees to stop bank runs, upfront closure of clearly insolvent banks, and the adoption of a comprehensive macroeconomic stabilization plan. Administrative measures are a last resort option if all other measures fail.
VI. CONCLUSION AND POLICY IMPLICATIONS
The current level of reserves held by the ECCB appears to be adequate for a variety of current account and capital account shocks, when measured by traditional ratios and using an optimal reserve framework. The level of reserves held by ECCU countries is in line with similar small, tourism-dependent economies and monetary unions based in developing countries. However, moderate-to-severe deposit withdrawals in the context of an open capital account could prove to be a challenge for the ECCB. The ECCB's operating rule of holding a minimum of 80 percent of demand liabilities as reserves has been more than adequate historically to cover most shocks, but in recent years the cushion has decreased.
Greater international integration through capital account liberalization and rapid financial deepening in recent years suggest that the ECCB's traditional reserve cover rule may need to be augmented to help insure against adverse capital flows. The rate of growth of broad money has consistently surpassed the growth rate of base money, resulting in a higher income elasticity for broad money. As a result, a reserve rule that is focused only on demand liabilities would tend to systematically under-insure for potential deposit outflows. The ECCU could consider modifying the reserve cover rule to take into consideration the effects of capital account liberalization. This would mean modifying the rule to take account of some level of adverse capital movements, given the openness of the capital account.
The main difficulty facing the ECCU in seeking to build international reserves is the absence of effective tools to influence the level of reserves. While the ECCB has a variety of monetary tools at its disposal, they are inherently limited because of the fixed exchange rate under the currency board arrangement. The most readily-available tool is the rate of interest on fixed deposits that commercial banks hold with the ECCB, but raising this could imply quasi-fiscal losses for the ECCB since the rate that would be required to attract significant amounts of commercial bank fixed deposits might be higher than the central bank is earning on its foreign reserves. Retaining more of the central bank's profits could be one solution, but the accompanying build up in reserves is likely to be slow. Efforts by the central bank to strengthen the regulatory framework and to establish credit lines with international financial institutions (particularly other central banks) might also be useful to help insure against large adverse capital movements.
